INTRODUCTION
The Federal-State Cooperative Water Resources Program continues to be the largest component of the U.S. Geological Survey's water resources activity. This program was carried out in working partnership with more than 800 State, regional, and local agencies during FY 1984. Joint funding in the 50-50 matching Cooperative Program totaled about $100 million, and comprised almost half the total program of the Water Resources Division (WRD). The Cooperative Program began in Kansas in 1895, and has grown and changed with time (Gilbert and Buchanan, 1981) . Hydrologic data collection and interpretive investigations were underway in every State, Puerto Rico, and several United States territories in 1984.
Perhaps the most important characteristic of the program throughout is that it has been and is "policy relevant." That is, most investigations are responding to a recognized or potential problem and provide hydrologic information and analyses needed for making decisions or for formulating plans. The program also contributes to the advancement of hydrologic science and provides a major part of the Geological Survey's water information base. Table 1 shows selected national water issues and examples of where and when they were first identified as part of Cooperative Program activities. table 2 ) provide information that satisfies the needs of many Federal agencies for example: flood prediction, land use planning, streamflow regulation, hydroelectric power production, waste disposal standards, pollution regulation, mined-land reclamation, and energy development. Table 2 shows that in FY 1984 the Federal-State Cooperative Program provided sole support for nearly half the continuous streamflow discharge stations in the total Geological Survey network; and, in combination with other funding sources, provided partial support for another 18 percent of the total network of these stations.
The operation of data-collection network stations is a continuing activity. Although many data-collection stations are operated on a long-term basis as components of national networks, some are discontinued each year when their purpose has been served; new stations are installed as demanded by changing needs and priorities. The Geological Survey's entire stream gaging program, which includes gaging stations funded by the Federal Program, the Federal-State Cooperative Program, and the other Federal agency reimbursable program, is being systemically analyzed to improve its effectiveness. This nationwide analysis includes the identification of alternate methods, such as flow routing and statistical regression models, of providing streamflow data and information.
HYDROLOGIC INVESTIGATIONS AND RESEARCH
In addition to the data-collection activities, approximately 550 hydrologic investigations and water-resources research projects funded by the FederalState Cooperative Program were underway in FY 1984. These included areal appraisals and special studies conducted throughout the Nation. Areal waterresources appraisals (which range from small basin or county to statewide or regional in size) define, characterize, and evaluate the extent, quality, and availability of the water resource. During the past decade or so, increasing emphasis has been given to water-quality issues, including aquifer contamination, acid precipitation, river quality assessments, and storm runoff.
Special analytical and interpretive studies address existing and foreseeable hydrologic conditions and problems, are somewhat more specific in nature and smaller in size than areal appraisals, and sometimes involve applied research. They may require from a few months to 2 to 3 years to complete, and result in analytical, interpretive, and predictive reports, data, and information leading to the solution of problems or more complete utilization and protection of the Nation's water resources. The Nation's rivers have historically been used for water supplies, dilution of waste, recreation, commerce, and for production of fish and other aquatic crops. These uses are not all compatible, and over time many problems have surfaced, which managers are attempting to solve. Deterioration in the quality of water supplies for domestic, municipal, industrial, and agricultural uses is a growing problem, which can affect human health as well as the economy. In spite of considerable progress in solving complex water problems, stresses impacting the quality of the surface and ground waters are multiplying. Ground water supplies drinking water for at least half of the Nation's population. In some places, especially in densely populated and industrialized areas, disposal of toxic wastes has made ground water unsafe for use. For an isolated point source of contamination, such as an industrial disposal pond, the consequences may be severe in magnitude but only local in extent. In some places, however, many separate industries located over a large area and some agricultural practices are contributing to widespread contamination.
PROGRAM PRIORITIES
Each year, cooperator proposals typically exceed Federal funds available for matching by several million dollars. Priorities for data collection and hydrologic investigations and research are based on a continuing, detailed analysis of water problems and issues. The Geological Survey and its cooperating agencies work together in a continuing process that leads to adjustments in each year's program. The process is guided by a determination of the key hydrologic problems and issues requiring priority consideration in the selection of new, or the retention of ongoing projects in the overall program. This is carried out through discussions with State and local cooperators, Federal agency officials, and through awareness of concerns of the general public. For 1984, most new cooperative investigations addressed the principal concerns derived from this national perspective ground-water contamination, water supply and demand, stream quality, hydrologic hazards, and acid precipitation. These and other studies respond to the increasing need for information at local, State, regional, and national levels. The final selection of new projects is timed to coincide with critical points in the budgetary cycles of the Federal Government and the numerous State and local cooperating governments. With respect to the Federal government's budgeting cycle, specific negotiations for the upcoming fiscal year regarding individual projects are initiated with cooperators in January through March, are based on the provisions of the President's Budget submission to Congress, and may be subsequently modified based on appropriations actions taken by Congress.
MERIT PROPOSAL PROCESS
Most of the Federal matching funds are allocated to highest priority activities by the Division's four Regional offices after ranking the work proposed in their respective geographical areas of responsibility. However, the Geological Survey has instituted a new process for evaluating and funding selected proposals for water-resources investigations as part of the FederalState Cooperative Program. The Federal matching fund support for merit proposals was $1 million in FY 1983 and about $1 million in FY 1984. Thus, with the cooperators providing an equal amount of funds, a total of about $2 million was allocated each year. In 1983, 16 investigations were selected of the 33 proposed, and in 1984, 15 of 44 proposals were selected. Plans are to identify $1 million of U.S. Geological Survey matching funds for investigations to be chosen through this process in FY 1985.
The new system formalizes existing procedures that have been used for the past 10-15 years to rank candidate proposals for allocation of funds. Each merit proposal is reviewed and evaluated separately by five members of the Geological Survey's senior staff. The group then meets as a panel to consolidate rankings and arbitrate differences, and funds are allocated to the investigations in priority order. Additional effort is applied, however, to ensure that the highest priority work is undertaken with the merit funds and that the anticipated technical contributions to the science of hydrology will be of top quality. Figure 1 shows how merit proposal funds were allocated to selected topical areas in FY 1984.
Although it is highly probable that all the merit investigations would have been funded under traditional procedures, the system has produced worthwhile results. The program development process has been strengthened because of the increased deliberation within WRD during the merit ranking. Incentive has been added for the planning and development of high quality proposals, and technology transfer has been enhanced through closer interaction of operational and research programs.
WATER-QUALITY ACTIVITIES
Ground-water contamination headed the 1984 list of priority issues for the Cooperative Program. This continued the trend from 1982 and 1983, and is expected to be repeated in 1985. The National Water Summary 1983 (U.S. Geological Survey, 1984) reports that contamination from hazardous wastes, point and nonpoint sources of pollution, saline water intrusion, eutrophication, acid precipitation, and other water-quality issues are of concern throughout the Nation (table 3) 
INSTITUTIONAL AND MANAGEMENT ISSUES
About 800 Cooperative Program investigations were active in 1984. Of these, some 200 were operated for collection of hydrologic data surface water, ground water, water quality, sediment, and precipitation and 48 were identified as part of the water-use activity. The balance of approximately 550 were hydrologic investigations, research, and special studies of which a minimum of 400 included some water-quality aspects. About 100 of these were principally concerned with Investigations of contamination of surface or ground water. Table 4 shows the distribution of funding, by discipline, for hydrologic investigations and research from 1979 to 1984. The numbers were derived from estimates of the effort, in percent, that would be expended by the various disciplines in each project. For investigative and research activities, the amount of effort in water-quality work has increased from 20.1 percent in 1979, to 22.4 percent in 1984.
EXAMPLES OF CURRENT INVESTIGATIONS
In FY 1984, the Federal-State Cooperative Program continued to focus on water-resources investigations of highest priority to the Nation. Examples of these activities are furnished below.
WASHINGTON STATE: Hazardous Waste Investigations
In the State of Washington more than 200 hazardous-waste sites are located where there is a high probability of leachate impacting the surface and ground water. The State is developing a major program to deal with this problem and has asked the Geological Survey for technical assistance. The resulting investigation consists of four phases: (1) hydrogeologic characterization of existing hazardouswaste sites, (2) research on how the pollutants are moving through the water system and on the reaction processes that are involved, (3) broad characterization of the most and least suitable areas for land disposal of hazardous waste within the State, and (4) technical assistance in the evaluation of the hydrogeological aspects of proposals and reports being considered by the State.
SOUTHWEST LOUISIANA: Organic Waste Containment in the Mississippi Embayment
An investigation is underway to document current and past hydrodynamic and geochemical characteristics at a waste site located in Calcasieu Parish of southwestern Louisiana. Contaminant migration and the transport rates of various pollutants will be analyzed by use of a ground-water flow model. The objective is to define the clay mineralogy and the hydraulic processes related to the presence and movement of organic solutes in geologic materials having low hydraulic conductivities. An investigation currently underway has indicated that sediment oxygen demand is a major factor in dissolved oxygen depletion in the DuPage River. In the Sangamon River, it has been determined that oxidation of ammonia is a principal cause of dissolved-oxygen depletion. These findings will be used by State agencies in the review and possible revision of effluent and streamquality standards.
NORTHWESTERN MONTANA: Ground-Water Resources of the Flathead Indian Reservation
The State of Montana established the Reserved Water Rights Compact Commission in 1979 to provide for the equitable division of water among State and Federal users and the seven Indian reservations located in Montana. The legislation prompted the Flathead tribes to begin a comprehensive appraisal of water resources on the reservation, including the availability of ground water. Although much of the reservation is irrigated from a complex network of canals and diversions, numerous tracts of land are isolated from the surface-water distribution system. A detailed study of ground-water availability was initiated to determine the feasibility of developing wells for irrigation of the isolated tracts. Aquifer testing to determine aquifer properties will provide information nee'ded to develop quantitative analysis of ground-water availability and effects of increased pumpage on water levels.
NANTUCKET ISLAND, MASSACHUSETTS: Ground-Water Recharge Investigations
Analyses of tritium isotope profiles have been used to investigate ground-water recharge at two sites on Nantucket Island. Average annual recharge rates from 1964-1983 for the two sites were 17 and 25 inches per year. The techniques developed may be highly useful for investigations in other areas where porous aquifers are thicker than 100 feet or where the vertical hydraulic conductivity is less than that of the Nantucket aquifer. 
MASSACHUSETTS: Precipitation Quality
An investigation of the relationship between air-mass movement and variation in the quality of precipitation has been underway in Massachusetts since September 1983. Values of pH in precipitation samples range from 3.7 to 5.4 units; most are from 4.2 to 4.8 units. Meterological data are being obtained from the National Weather Service and private sources in order to identify such characteristics as air-mass source, trajectory, and storm type.
GEORGIA: Fluid Flow in Fractured Limestone
Formations near Brunswick
The dependence upon fractured rock aquifers to supply much of the Nation's ground water makes it imperative that methods continue to be developed to simulate accurately ground-water movement in these aquifers. The primary objectives of this investigation are to: evaluate the strengths and weaknesses of existing mathematical models for simulating hydrogeologic flow in a fractured limestone aquifer; and develop, if necessary, a mathematical model capable of simulating flow in a fractured aquifer. Results from this work will contribute to the understanding of the fractured and locally faulted limestone aquifer in the Brunswick, Georgia, area and will have transfer value to investigations of fractured-rock aquifers elsewhere.
MISSOURI: Ground-Water Resources of Barton, Vernon, and Bates Counties
A ground-water investigation in western Missouri was designed to determine whether or not increased irrigation pumpage might cause southward migration of saltwater into the freshwater zone of the Cambrian-Ordovician aquifer. The potentiometric surface of the aquifer has declined aproximately 80 feet in parts of the area since the early 1900's with the rate of decline increasing during the past 10 years. The location of the freshwater-saltwater interface has not substantially changed, but water from some wells in western Barton and Vernon Counties has altered to a sodium-chloride type. In places, a sodiumsalinity hazard exists for users of deep ground water for irrigation.
NEW JERSEY: Lead in Ground Water of the Coastal Plain
In 1982, lead concentrations exceeding the National Primary Drinking Water Standards were found in 14 percent of the domestic wells in Beachwood Borough, Ocean County, New Jersey. An investigation is underway to determine the source of the lead contamination and its mechanism of transport to the ground-water system. The study is also designed to determine if the lead contamination is an isolated problem or if it is reflective of a potentially broader problem within the Coastal Plain of New Jersey.
OKLAHOMA: Analysis of Droughts
The purpose of the investigation, which began in October 1S82, is to describe a potential or existing drought. Base-flow characteristics of unregulated streams are used to analyze the status of available moisture in winter and early spring. Base-flow recession curves are used to project assured base flow from winter to spring and summer. Historical records of base flow are used to define the frequency of occurrence for each month from January through December. Frequency curves, precipitation records, and monthly increases in base flow are used to describe the probability that base flow during spring and summer will exceed the projected assured base flow. The technique has been tested and found promising.
OUTLOOK FOR NEXT YEAR
Program priorities for FY 1985 were identified through consultation with Federal, State, and local agency officials throughout the past year. They address the major water problems identified on a State-by-State basis in the 1983 National Water Summary except for the institutional and management issues that are not within the Geological Survey's mission. The list represents a national perspective on the most significant topics that should be addressed in the Federal-State Cooperative Program in order to serve both the Federal interest as well as those at the State and local levels.
The priority categories reflect the strong interdependence of the Cooperative Program and Federal Program, as well as the substantial amount of research, analysis, and data collection funded by other Federal agencies. The three programs are complementary and every effort is made to provide for a balanced program to direct our investigations to the highest priority work not fully covered by other programs.
The first group includes five categories that are of major national concern and are considered of highest priority in developing the FY 1985 Cooperative Program:
Water QualIty: Appraisals of water quality of aquifers and streams are needed to assess baseline conditions and to evaluate trends. Ground-water quality appraisals will evaluate natural water-quality conditions and assess the effects of various human activities in representative hydrologic settings. Investigations of surface water will emphasize assessments of stream quality including sediment chemistry, stream biota, ground-water contribution, and overland flow. Particular emphasis will be placed on process-related studies and studies describing the type, nature, and severity of water-quality problems.
Toxic-Waste Hydrology: Environmental consequences of toxic-waste disposal are of nationwide concern because of potential health effects and enormous economic costs. Investigations of source, rate, and direction of movement of toxic contaminants in ground and surface waters are required to provide information for development of effective removal and control methodology.
Emphasis will be given to studies that advance knowledge on controlling processes such as solute-transport, organic biodegradation, and contaminant movement within and beween ground-and surface-water environments. Potential study topics will include impacts of disposal in landfills, effects of nonpoint sources such as urban and agricultural runoff, and susceptibility of contaminant sources to flooding.
Erosion and Sedimentation: This topic involves both the expansion of the data base to include chemical properties and improved understanding of the processes governing erosion, sediment transport, and deposition. Erosion and sedimentation studies will be directed toward measuring the impacts of land-use changes, including urban development; studying the effects on land and water resources of suspended and deposited sediments; understanding the transport of toxic substances and other constitutents sorbed or attached to sediment; and studying sedimentation in relation to the design of structures.
Water Supply and Demand: Increasing diversion, withdrawal, and use of water stress both the quantity and quality of existing supplies, thus raising costs of delivery and treatment, and presenting difficult problems of allocation and quality management to social and governmental institutions. Information defining present water use is required to quantify stresses spatially and temporally. Simulation is essential in both ground-and surface-water analysis to provide an understanding of system dynamics and to anticipate stress response. Other topics for study include streamflow response to drought conditions, and system response to projected uses and supply-augmentation schemes. The foundation for understanding problems of supply and demand is a well designed and carefully evaluated data-collection and analysis program.
Hydrologic Hazards: Economic losses from floods, mudflows, debris flows, sedimentation, and other hydrologic hazards continue to amount to billions of dollars annually. These hazards are related to phenomena such as precipitation, melting snow, ice formation, sinkhole development, land subsidence, volcanic eruptions, and earthquakes. Studies are needed to define the magnitude and probability of occurrence of hazardous hydrologic events and to better understand the processes by which they occur. Hazard studies in urban environments and flood-risk analyses associated with hydrologic-structure design should be included in this category.
The second group includes three categories that are also considered to be high priority for new work, but the importance of these topics may differ from region to region:
Hydrologic Effects of Fossil Fuel and Mineral Extraction: The extractive industries, whether oil and gas production and processing, solid-fuel mining and processing (such as coal and oil shale), or metallic and nonmetallic mining, are pervasive in their influence on hydrologic systems. Impacts may relate to a wide spectrum of hydrologic phenomena, including interaction of subsurface fluids with contrasting chemical and physical characteristics, large-scale aquifer dewatering to permit mining, disruption of surface drainage, and disturbance of geochemical equilibria.
Wetlands, Lakes, Estuaries: Studies of availability, movement, and quality of water {including studies of physical, chemical, and biological processes), and interactions between water bodies and aquifers should be undertaken in wetland, lacustrine, and estuarine environments.
Acid Precipitation: Interpretive studies of the effects of precipitation chemistry on water quality and the effects of acid precipitation on biological systems should receive priority attention in terranes that have limited ability to buffer ground and surface waters and in urban settings that produce large loads of atmospheric pollutants.
Data collection continues to have a major focus in the Geological Survey because of its importance to Federal, State and local agencies, and because accurate, reliable and timely data are essential to current and future interpretive studi es.
All data networks should be carefully and constantly evaluated in terms of relevance and cost-effectiveness. Network evaluations are of high priority and should use the best objective technology available, tempered with pragmatic considerations. 
